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ABSTRACT /7/“

Using a shielded Geiger tube in the Explorer VII
satellite there has been conducted a comprehensive geographic
survey of the intensity of charged particles in the latitude
range + 50.5°, in the altitude range 550 to 1100 km, and over
the sixteen month time period October 13, 1959 to February 17,
1961, It has been found possible to identify and eliminate
contributions by geamagnetically trapped particles and thus
to obtain the absolute intensity of primary galactic cosmic
rays and their charged particle secondaries (albedo) produced
in the atmosphere, Specific results are as follows:

(a) The counting rete deta fram both Northern and Southern
Hemispheres and over & considerable range of longitudes are
represented in & simple and coherent nanner as & function of

a single parsmeter, the McTlwein magnetic shell parameter L.
(v) The counting rate increases monotonically with increas-
ing L and has an accuretely constant value for L > 2.9.

(e) The high latitude knee of the counting rate vs L curve
oceurs at L = 2.6 (corresponding to the invariant letitude 52°)
and is indiscernibly different in the Northern and Southern
Hemlspheres,

(a) The absolute amidirectional intensity 1s

0.56 (c:m2 sec)'l at the equator and 2.0 (t':m2 sec)'l at high
latitudes, the ratio being 3.6.

(e) At high latitudes, the intensity increases by the factor
1.04% + 0.045 during the sixteen month period.

(£) Tn terme of the Quenby-Wenk vertical cuteoff rigidity

R in BV, the total amnidirectional intensity

I, (> R) = ka3 g0+83 £0.02 (2 ;oeyl gar3 < R < 12 BV
end J_ =2.0 (cz® sec)™ for R < 1.7 BV.
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INTRODUCTION

The extensive dete from the shielded 112 Geiger tube
on Explorer VII over a period of seventeen months have been
used to study the latitude dependence of cosmic ray intensity
in a much more comprehensive way than has been possible
he'retofore. Moreover, the cbservations have ‘been made above
the apprecisble atmosphere, in both Northern and Southern
Hemispheres and over a wide range of longitudes, The present
 study uses about 5000 date points fram over 2000 passes.

The earliest systematic surveys of cosmlc ray intensity
over the surface of the earth were made by Milliken and Neher
[Mi111kan, 1933; Milliken and Neher, 1938/ and by Compton
[1933]. The latter euthor noted thst loci of constant
intensities correlated better with gecmagnetic latitude then
with geogrephic. The inadequacy of the geamagnetic coordinate
system derived fram the dipole approximation of the geo-:
magnetic field, for a study of the observed spatial distribution
of cosmic ray intensities was pointed out by Simpson et al.
[195%], Rose et al. [T1956], and Rothwell and Quenby [395Y/ .

Quenby and Webber /1953] devised a new, approximate
method for estimeting vertical cut-:off rigidities giving
special attention to the configuration of the real geo-
megnetic field in the vicinity of the point at which the
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value of the cut-off is desired, The Quenby-Webber locus of
points having & meaximm value of cut;off at specified
longitudes was in substantial agreement with the observed
locus of points at which minimum values of cosmic ray
intensities were observed (the observed "cosmic ray equator"),
Iin apd Van Allen /1963 attempted to use the
Quenby=Webber cut-offs at high latitudes to orgesnize a large
body of Explorer VII data on the positional dependence of
the intensitles of solar cosmic rays, It wes found that
the locl of coanstant intensity of arriving solar cosmic rays
were in ma:rked disagreement with loci of comstant Quenby=-
Webber cuteoffs, However, all of the Explorer VII data in
both hémispheres and at various longitudes were arganized in
a ccherent manner when plotted against the megnetic shell
peraneter L /MeIlvain, 19617. Clear theoretical foundations
underlie the definition of the L parameter as a "good
coordinate” for the description of the intensities of
charged particles which are trapped in the geamagnetic field,
at least up to L ~ 5. But initially, the empirical succese
of the L paremeter in organizing cbservations of the
intensities of charged particles arriving from infinity was
understood only on the semi-intuitive grounds that perticles
vhose magnetlc rigildities are just above the cut-off value,
for o specified site, approsch the earth in the Alfvén menner
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along & line of force., The locus of a family of equivalent
lines of force 1s appraximetely a shell of constamt L.
Recent studies by Sauer [1963/, Ray end Sauer [I963], end
Rey /I9G3] have provided an approximate basis of an
essentially rigorous theoretical nature for the use of the '
L parameter as a "good coordinate" for describing the
arrival of charged particles fram infinity.

Mearwhile, improved sets of vertical cut-off rigidities
for the geamagnetic field have been camputed by Quenby and
Wenk /J963] and by a new and quite differenmt method by
sauer [1963/. A sumary comparisan of the results of the
several methods of camputing cut;off is given by the latter
author.

In the present paper, McIlwain's L, camputed at the
geogrephic latitude, longitude, and altitude of each
cbserved datum, has been used as the basic 'meguetic
latitude" parameter,

The orbital characteristics of Explorer VII are given
belor: Perigee altitude--sbout 550 lm; apogee altitude:--about
1100 kn; inclination--50,5°; ancmalistic period--101 minutes.
The apparatus consisted of two radiation detectors, & small
unshielded Anton 302 Geiger tube, and a larger, shielded
Anton 112 Geiger tube, The scaling factors for the counters

were respectively 2048 and 128,



The 112 counting rates have been utilized for systematic
studies of salar protom events /Van Allen and Iin, 1960; Lin
and Van Allen, 1963/ and the 302 counting rates for the time
variation: of the inmer and outer radiation zomes /Forbush,
Venkatesan, and MeIlwain, 1961; Pizzellas, McIlwain, and
Van Allen, 1962; Forbush, Plzzella, and Venkatesan, 1962/ .

In the present study counting rates of the 132 tube
 have been adopted as primary date. Deta from the 302 tube
have been used only for the auxiliary purposes of assessing
the contribution of trapped particles to the rate of the 112;
of correcting the rate of the 112 when the appropriate
correction was small and could be made reliably; and of
discarding 112 data when the correction was too large to be
mede reliably.

The detection thresholds for the 112 tube [Van Allen
and ILin, 1960; Imdwig and Whelpley, 1960/ are 30 MeV for
protons, 2,5 MeV for electrons, and 80 keV for x rays
(5% trensmission), The absorbers covering over 70% of
solid angle consist of 0.040 gn/en” steinless steel,

0.26 gn/ca’ of AL, 1.15 g/ca® of Fb, end 0.14 g/en® of Mg,
The geametric factor is 7.2 <:1n2 ; hence amidirectional
intensity 1s obtalned by dividing the counting rate by 7.2,
_The shielding of the 112 tube removes much of the
trapped radiation., This fact as well as the small scaling
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factor enables the convenient study of the spatial distribu:
tion of cosmic ray intensity. Most of the date correspond
to cases where the satellite was outside the belts of trapped
redistion; or vhere relisble correction could be made for the
residuum of trapped particles in the manner described by

Ven Allen and Iin /T960]. (Note, however, the exceptions to
this statement in the discussion accampanying Figure 3.)

Data fram the following receiving stations have been
used: Woomera, Australia; Hawall; San Diego; Towa City; and
Rlossan Point. Whenever overlapping of data occurs, duplicate
deta have been rejected. Plots of rew counting rate versus
time for each pass are exemined first. Fram these plots, ane
can observe clearly a sharp rise in counting rate whenever
the satellite enters the rediastion zone, The selection of
date was based on detecting this point and using all data
points below it. For the high latitudes, namely L > 3.0,
there axe instances when the outer zone peak has shifbe.d
to lover L values /Forbush, Pizzells, and Venkstesan, 19687,
and the counting rates are low (less than 100 counts/sec).
In such cases, it 1s possible to correct adequately for the
residwum of the softer radiation, This was done after the
procedure of Ven Allen and Iin /1960/ end as explained in
deteil by Iin and Van Allen /I963/, using the simultanecusly
observed 302 counting rate, and the linear relationship
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observed between the 112 and 302 counters. The paucity of
data for the higher latitudes results fram discarding those
data which cannot be corrected reliably.

The counting rates have been plotted as a function of
I, the magnetic shell parameter, The invarient latitude A,

-1 1=1/2 .13 which has the

-which 15 defined by /- = cos
neture of a "gecmagnetic latitude"”, has also been shown.
L 1s measured in units of earth radii.

Flgure 1 gives a plot of L contours at an altitude of
1000 Im, for several selected values of L. On the same
diagrsm are showm the regions within which our observations

" are obtained,



OBSERVATIONAL RESULTS AND DISCUSSION

In Figure 2, we have plotted the counting rate of the
112 tube, reglstered over Woamera, Australia, as a function
of L. The I values bave been camputed using the Finch and
Ieaton [1957/ coefficlents far the geamegnetic field for the
epoch 195é. ‘The study of the Explorer I data on the altitude
dependence of trapped perticle intensity by Yoshida, Iudwig,
and Van Allen [I960] revealed that the lower boundary of the
inner radiation zome over the lower latitude region over
Australia is at an altitude of about 1480 km, as determined
with a similar Geiger tube, Therefore it is clear that at
the xplorer VII satellite altitudes of 550 to 1100 lm, the
cbserved counting rate is due daminantly to cosmic rays.
In the region of higher L values corresponding to higher
latitudes, the comtribution due to the trapped particles in
the outer zone was subtracted as explained earlier, The
time taken for a half cycle (64 counts) is used to determine
the counting rate for L & 3.0, and the time taken for a
full cycle (128 counts) is used for L > 3.0. Data cbtained
during Forbush type variations were removed by reference to
ground level neutron monitor date throughout the period.
It ic relevant to recall an example, namely that of a
Forbush decrease of about 24% cbserved at L 2 4,0 by
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Explorer VII on March 31, 1960 in contrast to about 10% in
the neutron monitor data at Deep River /Van Allen and Iin,
1960/. Data observed during solar cosmic rey events were
also removed. Except for the event of November 12, 1960,
solar commic rays were not cbserved for L ~ 2.0, The results
of en annlysis of the data comnected with solar cosmic ray
events and Forbush type decreases of galactlic cosmic ray
intensity is given by Iin and Van Allen [1963/.

The statistical standard deviation of eech plotted
point in Figure 2 is 13% for L < 3,0 and 9% for L > 3.0,

The majority of the points fall within one standard deviation
fram a mean line drawn through the points and hence there 1is
no discernible time variation in the data, The figuve shows
& 3.6 fold increase in counting rate fram L = 1.2 to

L ~ 2,6 (the latitude dependent pert) and a comstant.
counting rate at higher L values (the latitude independent
part).,

Figure 3 shows the plot of the data registered over
the four Northern Hemisphere stations: Hewaii; San Diego;
Iowa City; and Blossam Point. The distribution of most of
the points exhibits the same characteristics as do the data
fram Voanera (Figure 2): viz,, an I~dependent (latitude
dependent) part up to L = 2,6 and a platesu for larger L values,
It 1s of interest to note that the counting rate of a 112 tube
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in Ranger I on November 18, 196l at an altitude of 192 knm
over North America fits well within the cluster of points
et L = 1,62 [Frenk and Van Allen, 1963/,

But in addition there are e considerable number of
points which depert markedly from the mein concentration in the
renge L - 2,2, The crosses in the graph designate all
points in the altitude renge 1000-:1100 km, for L < 3.0,

Tt is seen that most of the population of wild points arxe
from data in the altitude range 1000-1100 km., Nonetheless
there are meny points in this altitude range which lle within
the main concentration of points in & distribution similar
to that of Figure 2,

Yoshida et al. /[I960/ observed the lower boundary of the
inner radiation belt in 1958 at altitudes as low as 800 lm
over Thaden, Migeria and 1100 to 1200 lm over western United
States., Hence the wild points in Figure 3 may be attributed
plausibly to the intermittent presence of trapped particles
at the altitudes of the Explorer VII observations, Since
the trapped radiation in the inner belt is much more
penetrating than that at L » 2.3, the effect of the
differential shielding of the 112 and 302 tubes 1s insufficient
to make it possible to subtract reliably the contribution of
trapped rediation to the 112 counting rate by the technique

mentioned earlier and epplied to data in the lower fringe of
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the outer rediation belt. The date at L < 2.6 in Figure 3
have not been corrected In any way,

The Northern Hemisphere data are spread over the
longitude range 170° E to 65° W (cf,., Figure 1). Since
scalar B on a given magnetic shell (L = const) at a given
altitude is a function of longlitude it is first necessary to
examine the data for longitude dependence, All of the count-
ing rate data in the altitude range 1000 to 1100 km were
plotted egainst longitude for fixed values of L, but no
statistically significant dependence on longitude was found,

Hence we conclude that the wild points in Figure 3
are atiributable to the intermittent presence of trapped
particles at the altitudes of the observations and thus
represent a feature of the time variation of the lower fringe
of the inner radfation belt (ctf., Pizzella, McIlwain, and
Van Allen, 1962, and Carmire, 1962). An attempt was made to
investigate the association between geamegnetic storms and
the occurrence of wild points, but the data were insufficient
t0 establish any definite relationship, In cammon with
previous authors we are unsble to propose & detailled
mechanisn for such time variations but it may be noted
(a) that the trapped particle intensity is an extremely
steep function of altitude, and (b) that the 112 tube is a

sensitive detector of very mild intrusions of the inner zone
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by virtue of its large geametric factor and low cosmic ray

counting rate, (The counting rate of such a tube in the

heart of the inner zone would exceed 2 x 10° counts/sec,)

Well known general possibilities are the following:
(a) Perturbation of mirror points of trepped particles by

fluctuations in the geomagnetic fleld, either

ediebatically or non-adisbatically,

(v) Transient heating of the exosphere with accampanying
changes of the rate of out-scattering of trepped
pexticles,

(c) Tmpulsive injection of fresh particles fram solar
cosmic rey events (either via neutron albedo or by
more direct means),

It is clear that Explorer VII observetions over Australiae are

mach less subject to mild perturbations in the lower fringe

of the inner zone than are those in the Northern Hemisphere
since the lower boundery of the iuner zone is normally
several hundred kilometers higher over Australia.

The results from the Northern and Southern Hemispheres
are shosm together in Figure 4, All the data from the
Scuthern Hemisphere have been used (Figure 2) and all data
from the Northern Hemisphere at altitudes below 1000 lm
(Figure 3) have been used, In each case the sversge counting
rate of the data within a specifiled increment of L is
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plotted at the center of the interval, For L < 2.8, a
uniform increment O L = 0,1 was used. The excellent
agreement between the Southern Hemisphere date and the .
Northern Hemisphere data below 1000 km adds support to the
view that the wild points in Figure 3 arlse from the
occasional presence of the lower fringe of the inner zane
over the Northern Hemisphere stations in the 1000-1100 km

range,
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INTERPRETATIVE REMARKS

The counting rate of the 112 tube 1s an approximetely
linear function of L in the range 1.2< L < 2.5, It is
accurately independent of L for L > 2.9, A straight line
through the experimental points in the range 1.2 £ L £ 2.5
(Figure 4) cuts the horizantal line representing the data
for L > 2,9 at L = 2,6, This point is termed the latitude
"knee" of the curve and is, of course, the average vaelue for the
ers October 1959 to February 1961l. The coxresponding value
of inveriant latitude is 52°. It is indistinguishably
different for Northern and Southern Hemispheres, as is the
value of the high latitude counting rate,

On the basis of an extensive series of balloon flights
of amidirectionel ionization cheribers, Neher [I961/ found that
in the period JuneeDecember 1958
(2) The ionlzation was very neerly a symmetrical function
of centered dipole latitude (except for a small "longitude
efféct "} with the minimm value at the dipole equator
[ct., Chepmen, 19637;

(v) The dipole latitude of the lmee was accurately the
same ot northern and southern latitudes and increased

monotonicelly with increasing altitude within the atmosphere;
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(c) The dipole latitude of the knee at zero atmospheric
depth was estimated to be 55";:
(@) * The ionlzation at the maxima of the successive loniza-
tion vs atmospheric depth curves increased by a factor of
3.05 fram the equator to the lmee; and
(e)  There was a slight increase in ionization above the lmee
as one appréached 90° latitude.

On the basis of nine rocket flights of single Geiger
tubes over a wide range of latitudes (75° N to 71° S
geographic latitudes) Van Allen and Cehill [_i_95'§7 reported
as follows:

"The totel intensity ebove the atmosphere at far
southerly letitudes is the seme within 5% as that
at far northerly latitudes, It is about 4.3 times
as great as that near the equator. The latitude knee
(auring the present period of high solar activity
lies at a lower latitude then 50° North or 50°
South,"

The results of these two earlier surveys are generally
concordant with the Explorer VII survey and it is not cleer
whether the discrepancies should be attributed to differences
in technique, to true time veriations, or to the use of
different coordinate systems. Inasmuch as it 1s now known
that I;derivéd end Quenby-Wenk cut:off rigidities provide

coordinate systems which are superior to the centered dipole
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one, it vould be of interest to see the data of Neher replotted
in these systems.

Tigure 5, reproduced fram a peper by Iin and Van Allen
[3963] shows the relationship between L and the vertical
cutmoft rigidities /[Quenby and Venk, 1962/, Caubining this
with Figure 4, we £ind that the rigidity at L = 2.6, corresponding
to the cbserved knee, is 2.2 BV (units of billion volts or
10° volts), Thus by reference to Figure b and lster discussion
it is concluded that the primery cosmic reay spectrum had less
than 3% of 1ts total intensity in the range of rigidities less
then 2,2 BV during the ers of these observations. The
corresponding value of kinetic energy for a proton is
146 1 10° eV, Tt has been pointed out /Tin end Van Allen,
19@ that the vertical cut-off rigidity at high latitudes
(L ~ 5.1) during geamagnetically quiet times (U, the measure
for the ring current field, being about 50 garmas) was about
0,24 BV in contrast to 0.56 BV, vhich is the mean of 0.53
and 0,00, the values for the Northern and Southern Hemispheres
as ectinated by Quenby and Wenk, An attempt to explain this
reduction has been made in terms of the cambined effect of
the boundary of the magnetosphere ( ~ 8-10 earth radii)
end a ring current within the magnetosphere /Rkasofu, Lin,
and Van Allen, 1963/. This effect extends to higher energles

but is nrobebly negligible at rigidities of 2.2 BV.
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The gpparent integral rigidity-mumber spectrum of the
absolute amnidirectional intensity J ° is

Jo (> R) = k3 §0-8 2 0.2 (caf sec)™t (1)
far 3 < R< 12 BV and

I, = 2,0 (ca® sec)'l (2)

for R < 1.7 BV, 1In the above R is the Quenby-Wenk vertical
cut-off rigidity in BV and 3, 1s in particles (e’ sec) .

. Results (1) and {2) may be campared with the earlier,
cruder recults of Van Allen and Singer [I950/ in the era
1947-1950.

It is well known that the total intensity J o of charged
particles at points above the atmosphere but below the
radiation belts is camprised of three camponents of comparsble
magnitude: viz,, JP’ due to the primary galactic cosmic
radiation; J

AS’
reactions in the atmosphere; and J AR’ due to downward

due to upward moving, or splash, albedo fram

moving, or re-entrant, albedo fram reactions in the
atmosphere in the opposite hemlsphere /Meredith, Van Allen,
and Gottlleb, 1955/. Camparison of the present results vith
the definitive work on the primary spectrum by McDonald

and Viebber [I962] shows that the albedo contributions are
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relatively more important at lower latitudes, as might be
expected due to the higher sverage energy of the primaries
arriving there, Thus equation (1) above should be regarded
as only an empirical interpalation forxmla and not as the
spectral distribution of the primary radiation (or of the
albedo camnpoments).

An estimate of the comtribution of albedo to our
value J = 2,0 particles (o::m2 s_ec)':L at high latitudes can be

cbtained as follows:

JO=JP+JAS+J. (3)

At high latitudes where the geomagnetic cut-off is low and at
an altitude of 1000 km about 709 of 4 W steradians is

accessible to an amnidirectional detector. Hence

Jp = 0735 (%)

vhere ‘TIP is the amnidirectiocnal intensity of galactic cosmic

rays in interplanetary space remote fram the earth, Van Allen
2 -1

and Frenk [I955] fownd Jp, = 1.8 particles (cu” sec) ™ in

March 1959. Thus

Jp = 1.26 particles (cmx2 sec)'1 (5)
7
Iy * Iy = OTh particles (af sec)™ = 0.59 Je  (6)
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Figure 6 gives contours for seversl selected values of
the verticel cut-off rigidity computed by Quenby and Wenk
and cgntoxn's for several selected values of the magnetic shell
pmméter L., There are regions where the two curves run
parellel, showing e single valued relationship between the
two quantities, This situation is present to a considerable
degree in the reglons within which our data ere registered.

‘The ¢osmic ray equator given in the same diagram is
the Quenby'-Wenk locus of meximm rigidity. It can be seen that
the observational minima of cosmic ray intensity f£it it rather
well. It should be recalied that a similar cosmic ray equator
" obtained from the camputations of Quenby and Webber agrees
equelly well with the cosmic ray minima, But Pomerantz and
Ageral [TI9€8] have pointed out fram plots of intensity
versuc rigidity, for both the Quenby and Webber and Quenby
and Vlenk cases, that the latter shows less; ;scatter and hence
" 1g an inprovement over the former,

Tt is of interest to investigate the time variation of
the oi)served counting rates during the period of study. The
monthly mean counting retes centered on L values 1.15 to.

1.95 in steps of 0,1 are shown in Figure 7. The limited
amount of data available for the higher L values prevents
us fran obtaining satisfactory monthly means, We have rtherer-

fore divided all of the dats for L > 3.0 into four groups,
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having equal statistical weight., The mean counting rates for

the four periods are plotted in Figure 7 and are also given

belov,

Group Period Counts (sec)'l
I Oct. 13, 1959 to Jan. 6, 1960 14,06 + 0,45
II Jan, T, 1960 to Mar. 29, 1960  1k.kk4

III Mar, 30, 1960 to Aug. 9, 1960  1Lk.21
v Aug. 10, 1960 to Feb, 17, 1961  14.T1

Fach group consists of about seventy points. Data obtained
during Forbush decreasses and solar proton events have been
excluded., Hence the counting rstes provide a good measure of
the su of the intensities of primary galactic cosmic rays
and of their charged particle albedo fram the etmosphere.

The data up to L = 2,0 probebly do not reveal any
systematic long term change over the whole period on & one
standard deviation (S.D.) basis, and certainly not on a
2 3,D. basis,

For L > 3.0, the mean counting rate for the entire
period ic 14.35 + 0.22 counts (sec)':L and no one of the
four individual velues differs fram the mean by as much as
one standard devietion. The ratio of the final value to the
initial velue is 1.046 + 0,045, Hence there is & barely

significant increase in counting rate during the 16 month
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period of observation, The monthly neen counting rate of the
Ottaxra, Caneda neutron monitor increased by 2.4% fram October
1959 to December 1960, whereas a total change of this rate

of ~ 237 has been reported for a full solar cycle,

1
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SUMMARY OF RESULTS

Using & shielded Geiger tube in the Explorer VII
satellite there has been conducted a camprehensive geographic
survey of the intensity of charged particles in the latitude
range + 50.5°, in the altitude range 550 to 1100 km, and
over the sixteen month time period October 13, 1959 to
February 17, 1961. It has been found possible to identify
and elininate contributions by geamagnetically trapped
particles and thus to obtain the ebsolute intensity of primary
gelactic cosmic rays and their charged particle secondaries
(elbedo) produced in the atmosphere, Specific results are as
follows:

(a) The counting rate data from both Northern and Southern
Hemisy heres and over & considersble range of longitudes are
represented in & simple and coherent manner as a function of a
single parameter, the McIlwain magnetic shell pareameter L.

(v) The counting rate increases monotonically with lnereas-
ing L and has an accurately constant value for L > 2.9.

(c) The high latitude knee of the counting rate vs L curve
oceurs at L = 2,6 (corresponding to the invariant latitude 52°)
and is indiscernibly different in the Northern and Southern

Hemispheres.
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(a) The absolute amidirectional intensity is

0.56 (cne sec)'l at the équator and 2.0 (cm2 sec:)'1 at high
latitudes, the ratio being 3.6.

(e) At high latitudes, the intensity increases by the factor
1,046 + 0,045 during the sixteen month period.

(£) In terms of the Quenby-Wenk vertical cut-off rigildity

R in BV, the total amnidirectiomal intensity

J (> R)=bk3 g0-83 2002 (2 cec) L for 3 < R <12 BY

and J_ = 2.0 (o sec)™ for R < 1.7 BV.
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FIGURE CAPTIONS

Flgure 1., Several selected contours of constant L at 1000 Ikm

Figure

Flgure

Flgure

Figure

altitude caumputed using McIlwain's program for B and L
(orivete commmication, 1962), end the approximate
regions over which the Explorer VII date were
registered (shown as shaded reglons), L is measured
in earth radii, The coordinates of the graph are
geographic longitude end latitude,

2, Observed counting rates registered over Womera,
Austrelia, as a function of L, the megnetic shell
parameter, The statistlcal standaxd deviation of each
slotted point is 13% for T ~ 3.0 and 9% for

L > 3.0,

3. Observed counting rates registered in the Northern
Hemisphere, other details as in Figure 2,

i, Dependence of average counting rates on L, for
Northeran end Southern Bemispheres (derived fram
Figures 2 end 3). (See tert.)

5. Reletion between cut-ofl rigidity R and magnetic
shell paremeter L (reproduced fram paper by ILin and
Van Allen, 1963).

6. Solid Curves~--Contours of constent L in earth
radii,

Deshed Curves--Contours of constant verticel cute
off rigidity in BV /Quenby and Wenk, 19627 .

Dot-Dash Curve--Locus of points of meximum cute
off rigldity (cosmic ray equator).

Dotted Curve--Iocus of points of minimum L.
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FIGURE CAPTIONS (continued)

Fzggre (53. Ooserved minima of cosmic ray intensities
¢ Ft'

(Compton et al., 1937)
(Rose et al., 1956)
(simpson, 1951)
(Pomerantz et al., 1958)
) (Panerantz et al., 1960)
(sekido et al., 1943)
(Rothwell et al,, 1958)
(Katz et al., 1958)
(storey, 1959)
(Bubech, 1961)

SCAr e v To 04 8

Figure 7, Counting retes in various ranges of L versus tine.
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